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The prevalence of congenital heart disease (CHD) is reported to be about 1% in liveborn infants.[@ref1][@ref2] This condition is a multifactorial entity and majority of the patients are treated by open heart surgery. Amazing advances in pediatric cardiac intensive care have dramatically increased the survival rate after open heart operations, and so longer follow-ups are now possible.[@ref3] The main approaches in open heart surgeries are thoracotomy, sternotomy or both.[@ref4] It has been previously claimed that these operations may cause an increased risk of spinal deformities, particularly, scoliosis. This is seemingly apart from the inherited increased risk of scoliosis in patients with CHD, which is estimated to be between 2% and 31%.[@ref5]--[@ref7] It is noteworthy that the incidence of adolescent idiopathic scoliosis is almost 2--3% in the general population.[@ref7] Some authors believe that this increased risk of scoliosis is due to the manipulation of the thoracic cage itself in the early life because these operations had also increased the incidence of scoliosis in patients who underwent thoracotomy/sternotomy with underlying noncardiac etiologies.[@ref8][@ref9] However, the exact cause is still unknown and there is ongoing debate in this regard.[@ref9] Due to lack of homogeneity in the available data in the literature, scarce methodologically appropriate studies, a possible effect of racial differences and ethnicity,[@ref10][@ref11] and no known study on the targeted population, we aimed to assess the prevalence of scoliosis in a group of Iranian children who underwent open heart surgery and to determine the role of available technical approaches (thoracotomy, sternotomy) in this regard.
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In this retrospective, study, 196 neonates, infants and children with CHD, who were recruited in a Teaching Center during a period of 13 years (1997--2010), were studied. These patients underwent open heart surgery with the minimum follow-up of 3 years. Sixteen patients were lost during the follow-up period, and hence the study was completed in 180 cases: 102 patients underwent thoracotomy and 78 patients underwent sternotomy. The inclusion criterion was history of first-ever sternotomy or thoracotomy for open heart surgery due to CHD. The exclusion criterion was pre-operative history of any spinal deformity. During the follow-up period, Adam\'s Forward Bending (AFB) test was performed by a skilled pediatric orthopedics surgeon with over 25 years experience, in every session of physical examination, with or without extra tests. For this test, the patient was asked to lean forward with his or her feet together and bend 90° at the waist. Then, the examiner documented any asymmetry of the trunk or any abnormal spinal curvatures.[@ref12] Chest and spinal radiographs were taken if there was any indication determined by the corresponding physician, such as presence of shoulder and breast asymmetry, unequal scapular prominence, elevated or prominent hip, greater space between the arm and body on one side, head not centered over the pelvis, or flank crease asymmetry;[@ref13] and in the cases with positive AFB test as determined by the pediatric orthopedics surgeon. The radiographs were standing posteroanterior and lateral chest films. With no tilt of L2, the lumbar scoliosis was reported. The Cobb\'s method was used to measure the spinal curvature on both anteroposterior and lateral radiographs.[@ref14] Scoliosis was defined as curvature above 10°. On lateral films (T2--T12), normal thoracic kyphosis was defined between 21° and 40°.[@ref15] All the films were interpreted by a radiologist and an orthopedics surgeon. The deviation was quantified by a standard scoliometer (Medline Industries, Mundelein, IL, USA). Patients' characteristics as well as the frequency of scoliosis were compared between the two groups (thoracotomy and sternotomy). Statistical analysis was performed using SPSS version 19.0 (IBM, USA). The Student\'s *t* test, Chi-square test or Fisher\'s exact test were used where appropriate. A *P* value of less than 0.05 was considered statistically significant. This study was approved by the Ethics Committee of Tabriz University of Medical Sciences.
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Patients' demographic and general data are summarized in [Table 1](#T1){ref-type="table"}. At the time of followup examination, the mean age of the patients in the sternotomy group was significantly higher than the age of patients in the thoracotomy group (*P*=0.02) \[[Figure 1](#F1){ref-type="fig"}\]. Patients in the thoracotomy group were operated significantly earlier than the patients in the sternotomy group (*P*=0.001) \[[Figure 2](#F2){ref-type="fig"}\]. Percentage of male patients was significantly higher in the sternotomy group (*P* =0.02).

###### 

Patients' demographics and characteristics

![](IJOrtho-46-77-g001)

![Bar diagram showing age of the patients at followup](IJOrtho-46-77-g002){#F1}
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The mean postoperative follow-up time was comparable between the two groups (*P*=0.89).

The AFB test was reported as positive by the pediatric orthopedics surgeon in two patients (1.1%), one case in the thoracotomy group and one case in the sternotomy group. Radiological assessments in both the patients confirmed the presence of scoliosis \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\]. There was no significant difference between the two groups in this regard (*P*=0.68) \[[Figure 5](#F5){ref-type="fig"}\]. Percentage of cases with scoliosis was comparable between the male (n=1, 1.1%) and the female (n=1, 1.1%) groups of patients (*p*=0.74)

![Anteroposterior and lateral radiographs of a 12-year-old male patient with ventricular septal defect as the primary underlying cause of thoracotomy at the age of 9 years with scoliosis (22° to right) and hyperkyphosis (78°)](IJOrtho-46-77-g004){#F3}
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In the current study, prevalence of post-thoracotomy/sternotomy scoliosis after open heart surgery for CHD was assessed in a pediatric population. With an average follow-up time of 7.4 (range: 5--13) years, scoliosis was documented in 1.1% of the studied patients (1.3% of the sternotomy group vs. 1% of the thoracotomy group; *P*=0.68). It is assumed that the incidence of scoliosis among CHD patients is higher than the normal counterparts even without open heart surgery. This incidence ranged between 0.2% and 31% in the CHD patients versus 2% and 3% in age- and sex-matched unaffected group. In other studies, however, it is proposed that the scoliosis is associated only with thoracotomy or any open heart surgery irrelevant to the approaching technique.[@ref5][@ref8][@ref9][@ref16]--[@ref18] Ruiz-Iban *et al*. studied 128 children with CHD after median sternotomy. Scoliosis (deviation \>10°) was documented in 34.4% of the patients.[@ref9] In another series by Herrea-Soto *et al*., 68 children with CHD first underwent thoracotomy and then sternotomy. In a mean follow-up time of 14.9 (range: 5--20) years, the incidence of scoliosis was about 26%.[@ref13] In another study by Herrea-Soto *et al*., the incidence of scoliosis was about 28% in 108 children with CHD who underwent medial sternotomy. The mean follow-up period was 13 years.[@ref7] It is obvious that although the rate of scoliosis after open heart surgery varies significantly between studies, our result is far less than the reported range. Many justifications may be proposed in this regard, such as different definitions of scoliosis, heterogeneous underlying CHD, type of open heart surgery, age at operation and length of follow-up.[@ref9] We used the AFB test as the primary screening method in our population. This test is the only standard method for detecting even mild scoliosis in a target population. In addition, this was not the sole screening modality, and different criteria such as alerting findings during examination and other non-standard tests proposed in these patients had been employed by an experienced pediatric orthopedics surgeon, if needed. Likewise, the radiological diagnosis was also based on an accepted method in the literature.[@ref19] The severity of scoliosis was moderate in our patients according to the criteria of scoliosis severity classification.[@ref8] It had been previously shown that the majority of patients with scoliosis after open heart surgery suffer from mild to moderate scoliosis.[@ref5][@ref8][@ref16]--[@ref18] So, our results are in conformity with the available data in this regard. There is not yet an agreement on the influence of underlying CHD on the incidence of scoliosis. Whereas some investigations have found an association between the cyanotic cardiac disease and scoliosis, others did not confirm this.[@ref8] The two patients with scoliosis in our series were operated due to ventricular septal defect (VSD) and patent ductus arteriosus (PDA), both classified as non cyanotic conditions.[@ref1][@ref2] Due to limited sample size, we could not elucidate this association in the present study. To the best of our knowledge, the current study is the first one that compares the frequency of scoliosis after thoracotomy and sternotomy in CHD patients. Apparently, further studies are required for definite conclusion. It seems that the age at operation and length of follow-up are the two key factors in this regard. Ruiz-Iban *et al*. concluded that the risk of scoliosis will increase significantly if the patients undergo open heart surgery under the age of 18 months.[@ref9] Herrea-Soto *et al*. believe that for a better conclusion, the following up should be at least by the time of bony maturation.[@ref7] The mean age of our patients at the time of operation was 2.22 ± 1.45 years in the thoracotomy group, 3.07 ± 1.81 years in the sternotomy group, and 2.59 ± 1.66 years overall. On the other hand, the mean follow-up time was 7.36 ± 2.12 years in this series. Longitudinal growth of the spine has been estimated to be 2 cm per year within the first 5 years of life, 0.9 cm per year between 5 and 10 years of life, and 1.8 cm per year thereafter until puberty.[@ref13] So, we assume that a considerable amount of spinal bony maturation has been achieved by the time of follow-up in our subjects. Further we propose that tethering is at least one of the major underlying mechanisms of scoliosis after thoracic surgeries. Although the maximum deformity is expected to be developed by puberty, it will be apparent to some degree within the first 5 years after operation.[@ref19] Thus, the follow-up period seems to be sufficient in the present study. However, the patients will be followed up until after puberty and the consequences will be compared with the present data.
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This study showed a very low incidence of scoliosis after open heart surgery in pediatric patients with CHD. Further studies with larger samples sizes might be needed to determine possible contributing factors in this regard.
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